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PCNA Bind iTig fin bstance 
Field of the Invention 

5 The present invention relates to the area of cancer 
therapeutics. More particularly, the present invention 
relates to fragments of Fenl that interact with PCNA, and 
the use of such fragments or mimetics of Fenl in methods of 
screening for compounds useful in treating disorders in 
10 which PCNA is implicated. 

Background of t he Invention 

Maintenance of genomic integrity within the cell requires 
15 a co-ordination between cell-cycle regulated DNA 
replication, and DNA repair- In the presence of damaged 
DNA, proliferating cells must cease DNA replication, so 
that lesions do not become fixed, and repair all damage 
before replication can recommence. Therefore, the 

2 0 co-ordination of these two processes is critical to avoid 
mutation and genomic instability. One protein known to be 
involved in both in DNA replication and in nucleotide 
excision repair is proliferating cell nuclear antigen 
(PCNA) . 

25 

In solution, PCNA from Saccharomyces cerevisiae is thought 
to exist as a trimer. Each monomer has two structurally 
similar domains separated by a central loop, and so the 
trimer shows overall six-fold symmetry, as determined by 

30 X-ray crystallographic analysis (Kong et al. , 1992; 
Krishna et al . , 1994). Despite variation at the amino acid 
level, human PCNA is thought to be highly homologous at the 
structural level to budding yeast PCNA (Krishna et al . , 
1994) . These structural studies have shown that trimeric 

35 PCNA forms a toroidal structure around DNA, confirming 
earlier biochemical studies that suggested that PCNA acts 
as a sliding clamp around double stranded DNA. (reviewed by 
Kuriyan & O'Donnell, 1993), holding the DNA replication 
machinery onto its template and thereby greatly enhancing 



WO 96/35715 



PCT/GB96/01056 



LO 



15 



20 



25 



30 



35 



its processivity (Bravo et al . , 1987; Prelich et al . , 
1987b) . PCNA is localised to sites of DNA synthesis within 
the nucleus (eg Bravo & MacDonald-Bravo, 1985) , and is 
required to reconstitute SV40 DNA replication in vitro from 
purified proteins (Prelich et al., 1987a), clearly 
demonstrating a requirement for the protein in DNA 
replication. Similarly, the Schizosaccharomyces pombe PCNA 
gene pcnl is essential, with cells showing a phenotype 
characteristic of a defect in DNA replication when pcnl is 
deleted (Waseem et al . , 1992). In addition to its 
replication role, PCNA is also required for nucleotide 
excision repair in cell-free systems (Shivji et al., 1992) . 
However, the way in which PCNA carries .out these two 
separate roles is as'y et unclear. 

SummaTy r>f the Inv ention 

The present invention is based on the finding that a human 
protein Fenl interacts with PCNA. This was shown using a 
yeast two hybrid screen for proteins encoded, by a human 
cDNA library that interact with human PCNA in a cellular 
environment . 

Fenl has previously been described as a structure -specific 
endonuclease (Harrington & Lieber, 1994a) with 5'->3' 
exonuclease activity (Robins et al . , 1994) that shares 
homology with putative nucleotide excision repair factors 
including human xeroderma pigmentosum complementation G 
group protein (Harbraken et al . , 1994; O' Donovan et al., 
1994), S. pombe rad 2 and radl3 (Carr et al., 1993; 
Murray et al . , 1994), and S. cerevisiae RAD27/YKL510 and 
RAD2 (Jacquier et al., 1992; Siede & Friedberg, 1992). 
The same protein has, however, been identified as an 
essential DNA replication factor MF1 (Waga et al . , 1994a). 



The present invention further relates to the 
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characterisation of the interaction between Fenl and PCNA 
at the amino acid level by mapping of the mutual binding 
sites of each protein. This revealed that p21 cipl (also 
known as p21 WAF1 or Sdil) , the cyclin-kinase inhibitor that 
5 also blocks PCNA's function in DNA replication (Flores et 
al., 1994; Waga et al., 1994b; Warbrick et al., 1995) but 
not repair (Li et al . , 1994; Shivji et al . , 1994), binds 
to the same site on PCNA as does Fenl. The regions of Fenl 
and p21 cipl that interact with PCNA are shown to be 
10 homologous, and p21 cipl peptides are found to compete with 
Fenl for binding to PCNA. -~ , 

The finding that p21 cipl , or fragments thereof, compete with 
Fenl for PCNA, in particular the region of p21 Cipl 
15 f identified in our copending application number 
PCT/GB95/02583 as being responsible for PCNA binding, leads 
to the possibility of using Fenl in the screening of 
mimetics for p21 cipl , in particular those which may block or 
inhibit cellular DNA replication. 

20 

Accordingly, in one aspect, the present invention provides 
a substance which has the property of binding to PCNA, said 
substance comprising: 

(i) a fragment of the Fenl protein containing a 
25 peptide of 89 amino acids from the C-terminal region or an 

active portion thereof; or, 

(ii) a fragment of the Fenl protein containing the 
sequence motif QGRLDxFF; or, 

(iii) a functional mimetic of said protein 
30 fragments. 

We have found that "x" may be S, D or G, but probably other 
amino acids will be tolerated as well. 

3 5 In the present invention, "an active portion" means a 
peptide which is less than said full length Fenl amino acid 
sequence, but which retains the property of binding to 
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PCNA. 

In the present invention, "functional mimetic" means a 
substance which may not be a peptide at all, but which has 
5 the property of binding to PCNA, excluding the p21 Cipl 
fragments disclosed in our earlier application. 

In a further aspect, the present invention provides assays 
using a binding agent which is a fragment or mimetic of 

10 Fenl as described above. In particular, the present 
invention provides a method of screening for Fenl or p21 Cipl 
mimetics comprising exposing Fenl or a fragment or mimetic 
thereof which binds PCNA (herein referred to as "the Fenl 
component") and a candidate mimetic to PCNA or an active 

15 fragment thereof (herein referred to as "the PCNA 
component"), so that the candidate mimetic and the Fenl 
component compete to bind the PCNA component, and detecting 
the extent of binding of the PCNA component to the 
candidate mimetic and/or the Fenl component. Candidate 

2 0 mimetics which are found to bind to PCNA can then be 
further screened for biological activity, especially 
inhibition of DNA synthesis or inhibition of (tumour) cell 
growth . 

25 Conveniently, the screening method can be carried out by 
immobilising the fragment or mimetic of Fenl on a solid 
support, and exposing the immobilised Fenl component to 
PCNA and various concentrations of the candidate mimetic. 
The extent of PCNA binding to immobilised Fenl can be 

30 measured using an antibody which detects PCNA. 
Alternatively, interaction of radiolabelled PCNA with 
immobilised Fenl component in the presence of candidate 
mimetic can be measured in a scintillation proximity assay. 
Other assay formats and screening techniques using Fenl 

35 fragments or mimetics can be readily determined by the 
skilled person and used to screen candidate mimetics. 
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In a further aspect, the present invention includes 
mimetice obtained by using the above screening method. 

The designing of mimetics to a known pharmaceutically 
5 active compound is a known approach to the development of 
pharmaceuticals based on a "lead" compound. This, might be 
desirable where the active compound is difficult or 
expensive to synthesise or where it is unsuitable for a 
particular method of administration, eg peptides may be 
0 unsuitable active agents for oral compositions as they tend 
to be quickly degraded by proteases in the alimentary 
canal . 

There are several steps commonly taken in the design of a 
5 mimetic from a compound having a given target property. 
Firstly, the particular parts of the compound that are 
critical and/or important in conferring . the target property 
are determined. In the case of a peptide, this can be done 
by systematically varying the amino acid residues in the 
0 peptide, eg by substituting each residue in turn. These 
parts or residues constituting the active region of the 
compound are known as its "pharmacophore" . 

Once the pharmacophore has been found, its structure is 
5 modelled according to its physical properties, eg 
stereochemistry, bonding, size and/or charge, using data 
from a range of sources, eg spectroscopic techniques such 
as NMR, X-ray diffraction data, etc. Computational 
analysis, similarity mapping (which models the charge 
0 and/or volume of a pharmacophore, rather than the bonding 
between atoms) and other techniques can be used in this 
modelling process. 

In a variant of this approach, the three-dimensional 
5 structure of the ligand and its binding partner are 
modelled. This can be especially useful where the ligand 
and/or binding partner change conformation on binding, 
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allowing the model to take account of this in the design of 
the mimetic. 

A template molecule is then selected onto which chemical 
5 groups which mimic the pharmacophore can be grafted. The 
template molecule and the chemical groups grafted on to it 
can conveniently be selected so that the mimetic is easy to 
synthesise, is likely to be pharmacologically acceptable, 
and has the desired degradation profile in vivo, while 

10 retaining the biological activity of the lead compound. 
The mimetic or mimetics found by this approach can then be 
screened* to see whether they have the target property, or 
to what extent they 'exhibit it. Further optimisation or 
modification can then be carried out to arrive at one or 

15 more final mimetics for in vitro, In vivo or clinical 
testing. 

The final mimetic may have clinical utility, or it may be 
useful as a drug in a laboratory setting. In clinical 

20 uses, the desired degradation profile may be one in which 
degradation is minimised, but there are situatipns where an 
appropriate rate of degradation is not only desired, but is 
actually important. For example, the p21 cipl mimetic could 
be used as a short half -life adjunct to arrest cell 

25 proliferation transiently in normal cells while 
administering genotoxic compounds to cells that override 
the p21 cipl arrest, for example cancer cells which contain 
abnormally high levels of PCNA. 

30 

Thus, in another aspect, the present invention provides the 
class of peptides, and also mimetics obtained as described 
above, based on the PCNA-binding region of Fenl . These 
compounds, and especially the mimetics, may be useful in 
3 5 the preparation of pharmaceuticals for treating conditions 
in which PCNA is implicated, including hyperprolif erative 
diseases, such as cancer and psoriasis. 
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Therapeutic applications of the present invention include 
the administration of the various peptides or mimetics 
mentioned above. Various methods of administration of the 
therapeutic agent can be used, following known formulations 
5 and procedures . Dosages can be determined by routine 
experimentation. The administration may be systemic or 
targeted, the latter employing direct (eg topical) 
application of the therapeutic agent to the target cells or 
the use of targeting systems such as cell type specific 

10 antibodies or ligands. Targeting is generally preferable 
since it minimises or localises any side effects; and may 
be particularly important for example if the agent, is 
unacceptably toxic when administered systemically, or if it 
would otherwise require too high a dosage, or if it would 

15 not otherwise be able to enter the target cells. 

Instead of administering these agents directly, they could 
be produced in the target cells by expression from an 
encoding gene introduced into the cells, eg in a viral 
20 vector (a variant of the VDEPT technique - see below) . 
The vector could be targeted to the specific cells to be 
treated, or it could contain regulatory elements which are 
switched on more or less selectively within the target 
cells. 

25 

Alternatively, the agent could be administered in a 
precursor form, for conversion to the active form by an 
activating agent produced in, or targeted to, the cells to 
be treated- This type of approach is sometimes known as 

3 0 ADEPT or VDEPT; the former involving targeting the 
activating agent to the cells by conjugation to a cell type 
specific antibody, while the latter involves producing the 
activating agent, eg an enzyme, by expression from encoding 
DNA in a viral vector (see for example, EP-A-415731 and WO 

35 90/07936) . 

In a further aspect, the present invention identifies the 
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region of PCNA involved in binding to Fenl . Thus, the 
present invention provides a substance which has the 
property of binding to Fenl, said substance comprising a 
fragment of PCNA lying between amino acids 100-150, or an 
5 active portion thereof; or a functional mimetic of said 
protein fragments. 

If fragments of PCNA in this region retain the ability to 
bind to p21 cipl or Fenl, it may be possible to use these: 
10 (i) to regulate p21 cipl dosage, (ii) to screen for Fenl or 
p 21 cipi nvimetics and in the design of substances to bind to 
this .jsite in PCNA; (iii) to induce proliferation in 
hypoproliferative cells, for example to reactivate 
senescent cells . 

15 

Brief Description of the Drawings 

Figure 1 shows human Fenl and fragments isolated in the 
yeast two hybrid screen by interaction with human PCNA. 

20 (A) Schematic diagram of Fenl, showing the conserved 
nuclease domains, and the car boxy terminal Fenl box # 
conserved throughout the Fenl family. (B) Nine plasmids 
encoding Fenl fragments were isolated in the yeast two 
hybrid screen, encoding full length Fenl and various 

25 fragments truncated at the amino terminus. The shortest 
fragment isolated contained 89 amino acids from the C- 
terminal region of Fenl . 

Figure 2 shows the conservation of the PCNA binding site 
3 0 between Fenl homologues. The sequences of peptides that 
bound to PCNA in a precipitation assay (see below) are 
aligned, giving a consensus sequence of QGRLDxFF. 
Conservation of critical residues with the PCNA binding 
site on p21 cipl is shown in bold type. 

35 

Figure 3 shows the determination of the Fenl binding site 
on PCNA. A series of N-terminal and C-terminal deletions 
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of PCNA was constructed in frame with the DNA binding 
domain of Gal4, and co-expressed in the two hybrid system 
with Fenl fused to the transcriptional activation domain of 
Gal4 . Re constitution of a functional Gal4 transcription 
5 factor was scored (ticks) assays for £-galactosidase or 
His3 activity. An entire PCNA monomer is shown 

schematically, with structural domains and motifs 
designated as described by Krishna et al. (1994) . In a 
parallel series of experiments, interaction of p21 cipl with 

10 the PCNA constructs was assayed. Note that Fenl and p21 clpl 
show an identical pattern of binding to the PCNA 
constructs, localising the .binding site for each protein in 
the central 100-150 amino acids of PCNA, including the 
exposed loop between /3I 1 of domain 1 and P^-olA^ of domain 

15 2 . 

Figure 4 shows how a short peptide of p21 cipl competes with 
FenlPBP (see below) for binding to PCNA. Biotinylated 
FenlPBP (peptide 84 - see Figure 2) was immobilised on 

20 ELISA dishes pre -coated with streptavidin. Bacterial cell 
lysate overexpressing recombinant human PCNA was mixed with 
increasing amounts of a non-biotinylated 9 amino acid 
peptide QTSMTDFYH derived from p21PBP (Warbrick et al . , 
1995) , then binding of PCNA to the immobilised FenlPBP was 

25 measured using a polyclonal antibody 3009 against PCNA, 
followed by HRP -anti -rabbit antibody and colorimetric 
detection at 450nm. The p21 cipl peptide at only 1 tig/ml 
(approximately l^M) completely prevented PCNA binding to 
FenlPBP. 

30 

Detailed Description 

Yeast two hybrid screen and construction of deletions 

3 5 The two hybrid screen and deletion analysis was carried out 
essentially as described previously (Warbrick et al . , 1995, 
and International patent application PCT/GB95/02583 ) . 
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Further constructs were made by subcloning fragments from 
the human PCNA open reading frame into pAS2 . 



Protein precipitation and Western blotting 

5 

Twenty amino acid peptides with 15 amino acid overlaps were 
synthesized (Chiron Mimotopes, Australia) across the 89 
amino acids from the C-terminal region of Fenl identified 
in the two hybrid screen as the PCNA binding site on Fenl. 
10 These peptides were linked via residues SGSG at the amino 
terminus to biotin. 2.7 /xg of each peptide was incubated 
with 10 /xl streptavidin agarose beads (Sigma) in phosphate 
buffered saline (PBS) for 1 hour at room temperature (r.t.) 
then beads were .-washed extensively in PBS and recovered 
15.. each time by centifugation at 11, 600g. HeLa cell lysate 
was added to the washed beads to a final protein 
concentration of 1 mg/ml and incubated with the beads on 
ice for 1 hour. Beads were extensively washed in PBS with 
220 mM NaCl, then bound proteins removed by boiling for 8 
20 minutes in SDS loading buffer with 0.2M DTT. Proteins were 
separated on 10% SDS -PAGE then electrophoretically 
transferred to nitrocellulose. Blots were blocked then 
incubated for 1 hour r.t. with PC10 hybridoma supernatant 
(Waseem & Lane, 1990) diluted 1:5 in DMEM with 10% FCS . 
25 After washing, secondary HRP- conjugated anti-mouse IgG 
serum at 1:1000 in 2% non-fat milk- PBS -0 .2% Tween was added 
for 1 hour at r.t. Bound antibody was visualised using the 
ECL system according to the manufacturer's instructions 
(Amersham pic) . 

30 

Competitive ELISA 

ELISA plates were coated overnight at 37°C with 100 ng of 
streptavidin per well. Plates were blocked with 5%. non-fat 
35 milk powder in PBS, washed extensively with PBS containing 
0.2% Tween 20 (PBS-T) then 100 pi FenlPBP - peptide 84 (see 
Figure 2) - at lOjig/ml was added to each well. Following 
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1 hour incubation at r.t. in a humid chamber, wells were 
washed extensively. Approximately 3.5 /xg total protein 
containing overexpressed recombinant human PCNA was mixed 
with varying concentrations of a 9 amino acid peptide 
5 derived from p21PBP (Warbrick et al., 1995), of the 
sequence QTSMTDFYH (purified by HPLC and verified by mass 
spectrometry) and applied to the wells for 1 hour at r.t. 
After extensive washing, anti-PCNA polyclonal antibody 300S 
(Cox et al., manuscript in preparation) was added at 
10 1:1000, followed by HRP- conjugated anti-rabbit IgG serum at 
.1:100 0, and bound antibody was visualised by the TMB 
coiSrimetric procedure '(Harlow & Lane, 1988) . Plates were 
read at 450 nm using a Dynatech 5000 plate reader. 

15 Results 

The 89 amino acids from the C- terminal region of Fenl bind 
PCNA in an interaction trap 



20 



Proteins that interact physically with human PCNA were 
screened using a two hybrid interaction trap system that 
detects protein-protein interactions by reconstitution of 
a functional Gal4 transcriptional activator in the yeast 
Saccharomyces cerevisiae. A plasmid expressing human PCNA 
25 in fusion with the DNA binding domain of Gal4 (Gal4AS) was 
used to screen plasmids expressing fusion constructs of 
molecules encoded by fragments from a human cDNA library 
with the transcriptional activation domain of Gal4 
(Gal4ACT) . On DNA sequencing, one class of clones isolated 
by this screen was found to encode fragments of the human 
protein Fenl (Harrington & Lieber, 1994a; Harrington & 
Lieber, 1994b), also known as DNase IV (Robins et al . , 
1994), rad2hs (Murray et al., 1994) and MF1 (Waga et al-, 
1994a) . The minimal Fenl fragment isolated in our screen 
35 (Figure 1) encoded the 89 amino acids from the C-terminal 
region of the protein (full length 380 aa, (Murray et al., 
1994) ) , therefore localising the PCNA binding site to these 



30 
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residues. PCNA from Drosophila melanogaster and 

Schizosaccharomyces pombe also interacted in this system 
with human Fenl, suggesting strong evolutionary 
conservation of the interaction site on PCNA. 

5 

Peptide mapping of sites on Fenl important for interaction 
with PCNA 

To map precisely the residues of Fenl to which PCNA binds, 

10 a series of biotinylated 20 amino acids peptides (with 15 
amino acid overlaps) were synthesised representing the 
region of Fenl found to interact "with PCNA in the two 
hybrid screen (Figure 1) . Fenl peptides (bound to 
streptavidin agarose beads) were incubated with human HeLa 

15 cell extracts, then beads were precipitated and bound 
protein analysed on immunoblots probed with monoclonal 
anti-PCNA antibody PC10 (Waseem & Lane, 1990) . The results 
showed that PCNA was precipitated from HeLa Cell extract 
with equal efficiency by peptides 84, 85 and 86 (see Figure 

20 2) strongly suggesting that the amino acids TQGRLDDFFK 
common to these three Fenl peptides are important for 
binding to PCNA. Comparison of the amount of PCNA present 
in the undepleted extract and that precipitated by Fenl 
peptides 84-86 demonstrated quantitative removal of PCNA 

25 protein from the whole cell lysate, indicating a high 
affinity of interaction between PCNA and the Fenl peptides. 



A PCNA-binding consensus sequence 

The region of human Fenl recognised by PCNA in the 
precipitation assay contains a motif highly conserved in 
the Fenl family. We examined whether human PCNA could bind 
to this motif in the yeast homologues of Fenl, S. pombe 
rad2 and S. pombe RAD27/YKL510 . Biotinylated peptides were 
synthesized according to the published sequences of S, 
pombe rad 2 (Murray et al . , 1994) and S. cerevisiae 
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RAD27/YKL510 (Jacquier et al . , 1992) in the region 
homologous to that portion of Fenl shown to interact with 
PCNA. These peptides 92 and 93 (see Figure 2) were used in 
a precipitation reaction as described above. The PC10 
5 immunoblot of proteins precipitated from HeLa cell extract 
by 20 amino acid peptides of this conserved box from S. 
pombe (peptide 92) and S. cerevisiae (peptide 93) showed 
that PCNA binds to the conserved region in rad2 and KAD27 
with similar affinity to Fenl peptides 84-86, demonstrating 

10 remarkable conservation of the binding motif. Binding of 
PCNA to the previously defined p21 cipl -PCNA binding peptide 
(p21PBP - Warbrick, 1995) was used as a positive control 
and streptavidin-agarose beads alone as the negative 
control- By comparison of the sequences of these 

15 PCNA- interacting peptides 'from diverse species (Figure 2) , 
we can define a PCNA binding site of QGRLDxFF. 

Fenl is most closely homologous to rad2 of S. pombe and 
RAD27/YKL510 of S. cerevisiae, but it shares limited 

2 0 homology also with putative nucleotide excision 
repair-associated proteins radl3 (S. pombe) , RAD2 (S. 
cerevisiae) and, provocatively, the human xeroderma 
pigmentosum complementation group G protein. Alignment of 
these sequences reveals similarity in the region that we 

25 find important for Fenl to bind to PCNA, defining a novel 
PCNA binding motif. Remarkably, the residues of p21 C:Lpl 
that we have previously found to be critical for binding to 
PCNA are very similar to those required by members of the 
Fenl family for PCNA interaction. 

30 

Fenl interacts with the central region of PCNA 

To define the region of PCNA important for Fenl binding, we 
created a series of deletion constructs of PCNA fused to 
3 5 GA14AS and examined their ability to interact with Fenl 
plasmids in the two hybrid system. The results (Figure 3) 
show that Fenl binds to a region between residues 100 and 
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150 of PCNA. This region corresponds to the central loop 
of PCNA between the two domains of each monomer, and 
includes also the structural motifs 011, J3A2 and QfA2 (from 
the crystal structure of S. cerevisiae PCNA, (Krishna et 
5 al., 1994)). Remarkably, this region has also been 
implicated in the binding of the cyclin-kinase inhibitor 
p21 cipi to pcna (Warbrick et al., 1995) using N-terminal 
deletions of PCNA. Thus, we confirmed and extended the 
earlier observations of p21 cipl -PCNA interaction in the two 
10 hybrid system using the new series of deletion constructs 
(Figure 4) , and demonstrate that Fenl and p21 Cipl bind to 
the same region , of PCNA. 



15 



20 



p21 ci P i comp etes with Fenl for binding to PCNA 



Since the region of PCNA bound by Fenl is the same as that 
recognised by p21 cipl , and the motif of Fenl required for 
PCNA interaction appears homologous to the critical 
residues of p21PBP (Warbrick et al. , 1995), it is highly 
possible that Fenl and p21 cipl might compete for binding to 
PCNA. We therefore tested this hypothesis using 

PCNA- interacting peptide 84 of Fenl (dubbed FenlPBP for 
Fenl -PCNA binding peptide) immobilised in ELISA wells. 
Recombinant human PCNA was added, together with increasing 
25 amounts of a non-biotinylated 9-mer peptide of p21 Cipl 
containing the critical amino acids for PCNA interaction, 
QTSMTDFYH, as defined by Warbrick et al . (1995) . This 
short peptide of p21 cipl clearly competes for PCNA binding 
to FenlPBP (Figure 4), with total displacement of PCNA from 
30 immobilised FenlPBP at only 1/iM added p21 cipl peptide. An 
irrelevant 2 0-mer peptide was used to control for 
non-specific effects of peptides and the solvent DMSO on 
PCNA binding to FenlPBP. 



35 Discussion 



In this application, we disclose a direct interaction 
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between two proteins implicated in DNA replication and DNA 
repair; the flap endonuclease Fenl (Harrington & Lieber, 
19 94a; Harrington & Lieber, 1994b) [also known as DNase 
IV (Robins et al., 1994), rad2hs (Murray et al . , 1994) and 
5 MF1 (Waga et al., 1994)] and the DNA polymerase 5 auxiliary 
sliding clamp, PCNA (Bravo et al., 1987; Prelich et al., 
1987b) . Deletion mapping in the two hybrid system permits 
us to define 8 9 amino acids of Fenl as containing the PCNA 
binding site. Analysis using peptides synthesized 

10 according to the shortest Fenl fragment isolated in the two 
hybrjjd screen then allowed us to map the PCNA binding site 
to three overlapping Fenl -PCNA binding peptides (FenlPBPsJ . 
Comparison of sequence overlaps in these Fenl peptides, and 
those derived from Fenl homologues in S. cerevisiae 

15 (YKL510/RAD27) and S. pombe (rad2) defines the PCNA binding 
region as 8 amino acids: QGRIjDxFF . This motif is partially 
conserved in another family of proteins probably required 
for nucleotide excision repair that share limited homology 
with Fenl, including the S. pombe radl3 gene product, S. 

20 cerevisiae RAD2 and the human Xeroderma pigmentosum XP-G 
protein. Remarkably, residues critical for PCNA binding 
are shared also with the region of the cyclin-kinase 
inhibitor, p21 cipl , required for interaction with PCNA 
(Warbrick et al., 1995). Accordingly, this motif may 

25 define a novel PCNA binding consensus , 

A series of amino terminal and carboxy terminal deletions 
of PCNA localised the Fenl binding site to the region 
between amino acids 100-150, which include residues exposed 

3 0 in a loop between the two domains of each PCNA monomer. 
Although our data do not yet permit us to define the Fenl 
binding site at the level of individual amino acids, it is 
possible that interaction involves those residues of PCNA 
most exposed in solution, ie those contained within the 17 

35 amino acids of the loop. 

The interaction is conserved across evolution not only for 
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Fenl homologues, but also for PCNA, since PCNA from D. 
melanogaster and S. pombe also bind to fragments of human 
Fenl in the two hybrid system. Such a level of 
conservation suggests that this interaction may be critical 
5 for cellular DNA replication and/or repair- We have 
already shown that this central loop of PCNA may provide a 
binding site for p21 cipl . Since Fenl and p2l cipl share amino 
acids essential for PCNA binding, and appear to bind to the 
same site on PCNA, they should competitively modulate PCNA 
10 function, suggesting uses for these proteins in the 
treatment of cancer and other hyperprolif erative disorders. 

PCNA is fundamental to nuclear DNA replication, acting as 
a sliding clamp that tethers the DNA replication machinery 

15 to its template, enhancing the enzyme's processivity . In 
addition, PCNA is required for nucleotide excision repair 
(Shivji et al., 1992). PCNA may be recruited to these 
different roles in replication and repair by interaction 
with proteins specific to each process. Examination of 

20 PCNA's partners is therefore - a critical goal in the 
understanding of both DNA repair and DNA synthesis. This 
work demonstrates an interaction of PCNA with Fenl, a 
structure-specific endonuclease. 

25 The demonstration of a direct PCNA- Fenl interaction begs 
the question of the biological function and activity of 
such a complex. Two hypotheses are consistent with our 
data: (1) that the PCNA- Fenl complex functions in DNA 
replication; (2) that the complex is active in DNA repair. 

3 0 Does the known activity of Fenl support either hypothesis? 
Fenl protein has been suggested to function in mammalian 
nucleotide excision repair, because of its homology to 
known repair gene products. It is a structure-specific 
flap endonuclease identified as the human homologue of the 

35 S. pombe rad2 gene product (rad2hs, (Murray et al., 1994), 
DNase IV, (Robins et al., 1994)) . It specifically cuts DNA 
flaps ending in a 5 ' single stranded region, requiring the 
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entire flap structure, but acting independently of flap 
length (Harrington & Lieber, 1994a) . In addition, Fenl 
possesses 5'->3' exonuclease activity specific for double 
stranded DNA (Harrington & Lieber, 1994a) . Human and mouse 
5 Fenl share homology with structure -specific endonucleases 
YKL510 (RAD27) and RAD 2 from S. cereyisiae (Harrington & 
Lieber, 1994b) , and human Xeroderma pigmentosum 
complementation group G protein (Murray et al., 1994; 
O'Donovan et al., 1994) also known as ERCC5 , (Shiomi et 
10 al., 1994). Two UV- inducible upstream elements are present 
in the promoter of the S. cerevisiae RAD2 gene, that show 
increased protein binding following genotoxic insult, 
characteristic of a DNA repair gene (Siede & Friedberg, 

1992) . Interestingly, these two elements DRE1 and DRE2 may 
15 be differentially regulated through the cell cycle, since 

deletion of DRE1 results in increased UV sensitivity only 
in Gl/S, while deletion of DRE2 leads to greater 
sensitivity in Gl/S, S/G2 and in stationary phase (Siede & 
Friedberg, 1992) . Structural and functional homology 
20 between Fenl and characterised repair proteins therefore 
supports the suggestion that Fenl is involved in mammalian 
nucleotide excision repair. 

Several lines of evidence, however, point towards an 
additional role for Fenl in DNA replication. It is 

25 essential for the maturation of replicated SV4 0 DNA into 
covalently closed circles (form I), and possesses RNase H 
activity that may remove ribonucleotide primers from 
Okazaki fragments (Waga et al., 1994a). The bovine 
homologue of Fenl has been detected in partially purified 

3 0 fractions of DNA polymerase e, and is required for complete 
DNA synthesis on a synthetic DNA substrate in a lagging 
strand reaction (Siegal et al . , 1992; Turchii & Bambara, 

1993) . Although identified as radiation- sensitive 
mutations, the S. pombe and S. cerevisiae homologues of 

35 Fenl show mutant pheno types consistent with a fault in DNA 
replication (eg. Reagan et al. , 1995). Provocatively, the 
upstream region of the S. cerevisiae RAD27 gene contains 
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two Mlul boxes characteristic of genes whose products are 
required in S phase, and its transcript reaches maximal 
levels in Gl/S. These features of Fenl and its homologues 
are highly consistent with a role in S phase DNA 
5 replication. Two alternate roles of the protein in DNA 
replication and repair are not incompatible, since PCNA, 
for instance, functions in both processes. 

Competition between Fenl and p21 cipl for PCNA binding may 

10 modulate function of the clamp protein, and though we do 
not wish to be bound by a particular theory, it is 
provocative to consider the idea that p21 Cipl binding to 
PCNA may shift it from a replication competent form 
( PCNA- Fenl > to a repair- competent form that cannot support 

15 DNA replication. Such an alteration in PCNA function might 
provide a direct link between the cessation of DNA 
replication following DNA damage, and the onset of DNA 
repair. Consistent with this hypothesis, p2l Cipl is 
transcriptionally induced, by the human tumour suppressor 

20 protein p53 (El-Deiry et al., 1993) which is itself induced 
in response to genomic damage (reviewed by Cox & Lane, 
19 95) . Coupled with higher levels of p21 cipl following 
genomic damage, higher affinity of p21 cipl than Fenl for 
PCNA might well result in total displacement of Fenl from 

25 the complex. 

The results presented here have applications beyond the 
biological role of PCNA and Fenl in DNA replication and 
repair complexes. PCNA is elevated in certain human 

3 0 tumours above the level of other cell cycle markers such as 
Ki67 (eg. Knechel et al . , 1993), and we have already 
described a peptide of p21 cipl , p21PBP, that may be useful 
in - inhibiting PCNA' s replication activity in 
hyperprolif erating cells . Development of new drugs that 

3 5 mimic the PCNA- inhibitory activity of p21 Cipl requires a 
suitable screening procedure. Thus, the work described 
herein in which a minimal peptide derived from p21PBP 
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successfully competes with FenlPBP for binding to PCNA, can 
be readily extended to provide a rapid and reproducible 
screen for small molecules that mimic p21PBP activity in 
PCNA binding and possibly inhibition of DNA synthesis. 
5 Drugs defined by such a screen should prove useful for 
treatment of hyperprolif erative diseases including cancer. 
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CLAIMS: 

1 . A substance which has the property of binding to PCNA, 
said substance comprising: 
5 (i) a fragment of the Fenl protein containing a 

peptide of 89 amino acids from the C- terminal region or an 
active portion thereof; or, 

(ii) a fragment of the Fenl protein containing the 
sequence motif QGRIiDxFF; or, 
10 (iii) a functional mimetic of said protein fragments. 

+ 

2 . The substance of claim 1 wherein n x M is the amino acid 
S, D or G. 

15 3 . A method of screening for Fenl or p21 Cipl mimetics 
comprising exposing Fenl or a fragment or mimetic thereof 
which binds PCNA ("the Fenl component") and a candidate 
mimetic to PCNA or an active fragment thereof ("the PCNA 
component") , so that the candidate mimetic and the Fenl 

2 0 component compete to bind the PCNA component, and detecting 

the extent of binding of the PCNA component to t.h£ 
candidate mimetic and/or the Fenl component. 

4 . The method of claim 3 further comprising screening the 
25 candidate mimetics for a biological activity, 

5 . The method of claim 4 wherein the biological activity 
is the inhibition of DNA synthesis or inhibition of tumour 
cell growth. 

30 

6 . The method of any one of claims 3 to 5 wherein the 
fragment or mimetic of Fenl is immobilised on a solid 
support . 

3 5 7. The method of any one of claims 3 to 6 wherein the 

extent of binding of the PCNA mimetic is detected by 
labelling the PCNA component or by using a labelled 
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extent of binding of the PCNA mimetic is detected by- 
labelling the PCNA component or by using a labelled 
antibody capable of binding to PCNA. 

5 8 . A Fenl or p21 cipl mimetic as obtainable by the 
screening method of any one of claims 3 to 7 . 

9 . A pharmaceutical composition comprising a substance of 
claim 1 or claim 2 in combination with a pharmaceutically 

10 acceptable carrier. 

10 . A substance of claim 1 or claim 2 for use in a method 
• of , medical treatment . 

15 : 11 . A substance which has the property of binding to Fenl , 
said substance comprising a fragment of PCNA lying between 
amino acids 100-150, or an active portion thereof; or a 
functional mimetic of said protein fragments . 

20 12. Use of a substance of claim'll as the PCNA component 
of a screening asssay of any one of claims 3 to 8. 

13 . Use of a substance of claim 1 or claim 2 in the 
preparation of a medicament for the treatment of a disease 

25 in which PCNA is implicated. 

14 . The use of claim 13 wherein the disease is a 
hyperprof erative disorder such as cancer or psoriasis. 

3 0 15. The use of claim 13 or claim 14 wherein the medicament 
further comprises a Fenl binding substance of claim 11 to 
regulate the delivery of PCNA binding substance . 

16. The use of a substance of claim 11 in the preparation 
3 5 of a medicament ,to induce proliferation in 
hypoprolif erative cells. 
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